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. In this scenario, air traffic control (ATC) officers are the professionals fundamental to the success of thousands of takeoffs and landings, and are responsible for the control of civil and military aircraft, either in flight or on the ground, by means of radar and non-radar systems
.
The functions of ATC officers, according to the Department of Airspace Control, include: (a) identification of each aircraft in Brazilian airspace, in such a manner that no errors occur in pilot instructions; (b) awareness of the performance of each aircraft, knowledge of its route, flight altitude and speed, real-time location, positional changes and positioning in relation to other aircraft, and the correct use of communications media to control activity and air safety.
The ATC officers' activities are divided into the areas of the airport control tower and the approach control center. The airport control tower is responsible for the aerodrome control service for ground-based aircraft maneuvering, and for the takeoff, landing and overflying the airfield phases. It seeks to avoid collisions with other aircraft, obstacles and vehicles moving on the ground. The approach control center is responsible for the approach control service for aircraft carrying out procedures for airport arrival or departure, aiming to ensure separation from other aircraft or obstacles 3 . The work of the ATC officers involves great mental and emotional loads, as the role requires high levels of cognitive tasks; it is they who make the decisions, sometimes in very limited time periods 4 . The consequences of this overload generate increased stress levels, alterations in cognitive performance (linked to attention and memory), and difficulties in maintaining good sleep quality. High stress levels in ATC officers can affect the performance of these professionals and can be the cause of boredom and decreased concentration 5 .
A further relevant factor is the performance of cognitive tasks that require the controllers to have an adaptive capacity due to the unpredictable environment in which they work 6 . Evaluation of excessive daytime sleepiness (EDS) is indicated for professions that involve risk. Excessive daytime sleepiness is characterized by an inability to stay awake and alert during the main periods of daytime wakefulness, resulting in sleepiness and lapses of unintended sleep 7 , and can occur particularly when alternating shift work schedules are involved. Variations in shift work, including overnight or rotating shifts, can cause difficulties in sleeping that may lead to a circadian rhythm sleep disorder 8 . When the internal and external rhythmic signals are not in agreement with the biological clock, the circadian system experiences a misalignment, called interruption or desynchronization, which corresponds to an alteration of the circadian parameters 9 . This interruption, defined as a disturbance of the internal temporal order and of the physiological, biochemical and behavioral circadian rhythms is called chronodisruption 10 . In many workers subjected to shift work, this chronodisruption allows the development of a shift work disorder 9 . A shift work disorder is characterized by excessive sleepiness and/or sleep disturbances associated with the work schedule, although some night workers are able to adjust their circadian rhythm to night work 11, 12 . Shift and/or night workers tend to have two to four hours less sleep, on a daily basis, which in the long run results in sleep deprivation.
The impact of EDS on the working adult manifests as decreased productivity, increased absenteeism, higher accident rates and a high probability of disability caused by an EDS-related disease 13 . The National Transportation Safety Board and National Air Traffic Controllers Association have recommended to the Federal Aviation Administration a revision of ATC officers' schedules in order to provide them with rest periods long enough to obtain sufficient restorative sleep 14 . This study aimed to correlate the symptoms of stress and EDS with the activity of air traffic control.
METHODS

Sample
The study included 52 ATC officers located at three different Brazilian airports, identified as groups A (n = 29), B (n = 12) and C (n = 11). In the airports involving groups B and C, the work day was divided into three periods: from 06:00 h to 12:00 h; 12:01 h to 18:00 h; and 18:01 h to 23:59 h. Different teams operated in each of these periods and all air traffic control activities ceased at 24:00 h. The ATC officers at these airports had one day off for every three days worked. In the airport involving group A, an additional period was worked from 00:00 h to 06:00 h, completing a 24-hour total period of air traffic control activities. The ATC officers evaluated performed alternating shifts on each workday. The weekly workload hours (sequence of shifts worked consecutively) did not exceed a 36-hour limit. The rest periods between two shifts (consecutive days) and two sequences of shifts were no less than 11 hours and 35 hours, respectively.
The positive correlation (0.300 < r < 0.600) between stress and EDS was considered when determining the sample size of 52 ATC officers. A non-probabilistic convenience sampling, with sequential selection was adopted as the selection method. 
INSTRUMENTS
Questionnaire applied to the ATC officers: Prepared specifically for this study in order to collect demographic and occupational data, and details of health conditions. The characteristics analyzed were gender, age, educational level, working hours, technical capability and place of work.
Lipp Inventory of Stress Symptoms for Adults (LISS):
Aimed at youths and adults, and designed to measure overall symptoms of stress, not just occupational. Validated by Lipp and Guevara in São Paulo, 1994 , it uses the sum total of physical and psychological symptoms as an indicator 15 . Epworth Sleepiness Scale: Developed based on observations related to the nature and occurrence of daytime sleepiness. The aim of this instrument is to quantify the degree of sleepiness during eight routine activities and to identify sleep disorders. Test scores range from 0-24 points, with a score above 10 points suggesting a diagnosis of EDS 16 . The Epworth Sleepiness Scale was chosen as it is validated for use in Brazil 13 .
RESULTS
Analysis of the 13 professionals exhibiting EDS verified that 92.3% (n = 12) were male; 53.8% (n = 7) completed higher education; 61.5% (n = 8) performed the airport control tower/approach control center function; 46.2% (n = 6) were aged 40 years or older; median length of work of 8.9 years (mean ± SD of 9.6 ± 6.4 years); and 83.3% (n = 10) reported undertaking physical activity (Table 1 ).
An absence of stress was predominant in the ATC officers operating in all three air traffic control units, together with the presence of low levels of EDS among the total sample, as shown in Table 2 .
A comparison of sociodemographic variables with excessive daytime sleepiness and stress symptoms found no statistical association. However, data analysis revealed a statistically significant association between location of work and the sleepiness scale results (Fisher's exact test by Monte Carlo simulation, p < 0.05).
According to the Epworth Sleepiness Scale, 25% (n = 13) of the total number of ATC officers presented with scores indicating EDS and, of this number, 84.6% (n = 11) belonged to the Air Traffic Control Unit A, suggesting a possible relationship between sleepiness and the 24-hour work pattern of that particular unit (Table 2) .
Considering only those ATC officers working between 00:00 h and 6:00 h (n = 29), just 38% (11) presented with excessive daytime sleepiness, with the remainder (62%) being unaffected. In relation to the obtained LISS test scores, 84% exhibited no stress, and only 13.8% of the ATC officers based at Air Traffic Control Unit A presented with LISS scores equating to stress.
Comparing the ATC officers' employment duration, significant differences were identified in relation to EDS (excessive sleepiness: 9.3 ± 9.6; median: 4.0 vs. no excessive sleepiness 12.6 ± 9.7; median: 13.0; p = 0.027) and stress (with stress: 9.5 ± 8.5; median: 12.0 vs. no stress 12.0 ± 9.9; median: 11.0; p = 0.047). (Mann-Whitney test, p > 0.05) (Figure 1 ).
DISCUSSION
The direct implications of EDS and stress symptoms in air traffic control are still not well defined. There are few studies in Brazil regarding the effects of EDS and stress on ATC officers.
These findings are in agreement with other research involving military ATC officers in the state of Pernambuco, which, using the Epworth Sleepiness Scale, identified excessive sleepiness in 66.7% (n = 30) of the 45 flight protection professionals
.
Comparative analysis between EDS and the air traffic control units (Table 3) revealed that 84.6% (n = 11) of the ATC officers with EDS were located in Air Traffic Control Unit A, which operates 24 hours a day with a four-shift schedule, and has a greater flow of aircraft.
The relationship between sleepiness and place of work is not sufficient to fully explain the presence of EDS, as other factors should also be considered. It is also important to emphasize that the results related to the sociodemographic, professional and health characteristics of the 52-strong sample of professionals identified no statistical significance between the three places of work.
Approximately 20% of the working population in industrialized countries is engaged in shift and/or night work. This type of employment, therefore, exposes a large number of workers to unusual light-dark cycles 9 , as is the case with shift and night work 18, 19 . Exposure to artificial light at night results in a disruption of the circadian system, which is deleterious to health. The potential and multifactorial mechanisms of the effects include the suppression of melatonin secretion by artificial light at night, sleep deprivation and circadian disruption. Shift and/or night work generally decreases the time spent sleeping, and disrupts the circadian time structure 9 . Desynchronization manifests itself through atypical clinical symptoms, such as persistent fatigue, sleep disorders leading to chronic insomnia, poor appetite, and mood disorders that can cause depression, although some desynchronized individuals do not experience any of these clinical signs 12 . These effects are thought to be linked to a loss of synchronization between the internal clock and the lightdark cycle 9 . Many shift workers who have a misaligned circadian rhythm due to working nights are at higher risk of developing shift work disorder. Therefore, a possible explanation for the higher percentage of EDS in group A in this study may be due to chronodisruption caused by the ATC officers working nights.
This result highlights the importance of changes in the circadian rhythm of the ATC officers. Even with consecutive days off and sufficient rest time, alternating work shift patterns affect the circadian rhythm and state of alertness as a consequence, which has been confirmed in studies such as that by Belyavin and Spencer 20 . The importance of circadian rhythm and homeostasis in alertness levels and the decisionmaking process in ATC officers in Brazil has also been demonstrated in research by Franco Noce 21 .
Although not statistically significant, the number of ATC officers with EDS becomes relevant from a clinical and occupational viewpoint due to the complexity and risk inherent in the performed activity. No statistically significant associations were found following comparative analysis of the EDS classification in relation to gender, age, age group, educational level, physical activity, perception of physical and psychological health, job function and working time. However, some factors contributing to the continuity of EDS have external causes, such as sleep deprivation, rotational shift work, poor sleep hygiene, and sleep disturbances related to the consumption of caffeinated drinks 22 , factors also encountered in the present cohort. Some researchers report that shift worker sleepiness can occur due to an insufficient amount of total sleep time or greater sleep fragmentation 23 . Excessive daytime sleepiness has also been linked to traffic accidents; the proportion of accidents attributed to EDS in the United States ranges from 1-3%, while in Australia this figure can reach 33% of registered incidents 24 . In relation to stress, the present study observed that only 16% of the ATC officers presented with symptoms of stress, with 62% (n=5) of these showing a predominance of physical symptoms (Table 2) . A review of research focusing on stress in Brazilian ATC officers found high rates of association with the presence of stress. Records of aircraft accidents involving ATC officers can be found in . These findings are in agreement with research that analyzed the perception of stress in four distinct occupational categories: air traffic controllers, operators within a radioactive environment, professors and doctors. The results indicated that even though the role of an ATC officer is extremely stressful, the lowest level of stress occurred in this group, demonstrating more active and efficient stress coping methods in comparison to the other occupations 27 . A research report from 2012 conducted by the National Aeronautics and Space Administration (NASA), commissioned by the United States Federal Aviation Administration, revealed that ATC officers' work schedules often lead to chronic fatigue, making controllers less alert and endangering the safety of the national air traffic system 28 . The NASA researchers conducted a survey of 3,268 ATC officers regarding their work schedules and sleep habits, and also performed a field study monitoring 200 controllers at 30 air traffic facilities through the use of wrist actigraphy sensors and psychomotor vigilance tests measuring timed reactions. The report appears to confirm the results obtained in the present study: occupational components and sleep conditions are seen to be decisive for an ATC officer's activity since these variables have a direct effect on the ATC officer's performance. It should be pointed out that the Federal Aviation Administration did not accept the report findings, considering that the academic approach used by NASA did not sufficiently integrate an understanding of the 24/7 air traffic operational environment 14 . However, the report release came after a series of incidents involving controllers falling asleep on duty; for example, in 2011, two airliners landed at Washington's Reagan National Airport late at night without assistance from the airport control tower as the lone controller on duty had fallen asleep. The NASA report does highlight the importance of evaluating both EDS and the work environment of ATC officers, providing an understanding of important characteristics about professionals who operate in complex and high-responsibility systems 14 . Our findings showed the ATC officers affected by excessive daytime sleepiness belonged to group A, the only group involving night work, performing rotating night shifts interspersed with day shifts, in contrast to groups B and C who worked during the day only. According to the Federal Aviation Administration, this routine should be avoided in the work schedules (programming) of ATC officers and established as standard practice in air traffic control units, thus preventing the occurrence of incidents and accidents 14 . The small sample size and absence of previous studies involving ATC officers from the investigated region are identified as limitations of this research, making comparisons difficult. An additional limiting factor is the small number of airports that participated in the research.
